Functional effects of amino acid substitutions at residue 33 of human thymidylate synthase.
Fluorinated pyrimidines, such as 5-fluorouracil (FUra) and 5-fluoro-2'-deoxyuridine (FdUrd), are cytotoxic to cells as a consequence of generation of 5-fluoro-2'-deoxyuridylate (FdUMP), which is a mechanism-based inhibitor of the enzyme thymidylate synthase (TS). FdUMP inhibits TS via its binding into a stable inhibitory ternary complex (ITC) with the enzyme and the cosubstrate N5, N10-methylene-5,6,7,8-tetrahydrofolate (CH2H4PteGlu). In previous studies, we identified a naturally occurring mutant form of human TS that contains a Tyr-->His substitution at residue 33 and confers relative resistance to FdUrd in both mammalian and bacterial cells. Kinetic studies indicated that the equilibrium dissociation constant (Kd) for binding of FdUMP into the ITC is altered in the mutant enzyme. In the current investigation, we have examined the kinetics of FdUMP binding into covalent binary complexes, i.e., in the absence of CH2H4PteGlu. Our results showed that although the rate constants for binary FdUMP binding (i.e., kon and koff) are altered by the Tyr-->His substitution, there is no measurable effect on the overall Kd. Analysis of a number of other amino acid substitutions at residue 33 indicated that maximal enzyme accumulation and function requires a bulky, hydrophobic side chain at this site.